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Living organisms do not evolve in perfectly random directions, instead, we recognize unevenness and
directionalities in phenotypic variations and evolutionary changes. However, mechanisms for these
directionality or evolutionary constraints remains unclear so far. In this symposium, we will show
recent development in this field, in particular, analysis of evolutionary dynamics by constructive
approaches to unveil constraints and directionalities in evolution, and discuss current subjects and

future perspectives.
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Many insects and other organisms constantly harbor microorganisms inside their body. Due to the
close spatial proximity, extremely intimate biological interactions and interdependency are
commonly found between the partners called host and symbiont. Novel biological properties are
often generated through such associations. In many cases, host and symbiont are integrated into an
almost inseparable biological entity. Our main research targets are diverse microbial symbiotic
interactions found in insects. Here I present an overview of our research topics on the symbiosis and
evolution in insects, particularly highlighting experimental evolutionary approaches to insect-
bacterium symbiotic associations.
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2SFP-2 What makes animal embryos to follow the hourglass model?
Naoki Irie!, Yui Uchida!, Masahiro Uesaka? (!University of Tokyo, Tokyo, Japan; RIKEN,
Saitama, Japan)

Animal development (or embryogenesis) proceeds from simple, single-celled egg to more complex
organism. Given that upstream information, or signals, are required for later developmental
processes, it is natural to assume that the earliest stage should be unchangeable (= conservation)
during evolution, due to their essentiality.

However, recent molecular based studies supported rather strange pattern of conservation: Like
the hourglass, the earliest stage was not the most conserved stages, but rather, mid-embryonic,
organogenesis phase were found to be conserved the most.

The question then, is why do embryogenesis follow such a rule (the developmental hourglass
model)? While current evolutionary theories did not provide sufficient explanation for this
phenomenon, we found possible contribution of pleiotropic constraints at regulatory level by our
study. In short, we found that genes utilized in vertebrates’ conserved mid-embryonic phase are
intensively recruited to other developmental processes, and the degree of the recruitment not only
correlated with essentiality for normal development, it also showed positive correlation with their
evolutionary conservation.

Re-utilization of existing genes has long been known to accelerate evolutionary diversification
(through creating novel traits etc.), however, our findings imply that gene re-utilization is a double-
edged sword toward evolution, having limiting effect on the diversification. The more complex
organism, could be more constrained (or have less evolvability potential). We will also talk about
our recent, unpublished findings over the relationship between fluctuation of developmental system
and evolvability.
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2SFP-3 Impact of polyploidy on the evolutionary rate

Ryudo Ohbayashi!, Tetsuhiro Hatakeyama? ('BDR., RIKEN, ?Dept. of Basic Sci., Univ. of Tokyo)
Diversification of the number of homologous chromosomes (ploidy) is often observed in a wide
range of organisms, i.e., bacteria, archaea, and eukaryotes. In bacteria, although most of the model
organisms such as E. coli possess only single chromosome per cell, some species maintain multiple
copies of that (polyploid). In spite of its universality, little is known about the importance of
polyploidy in evolution. To clarify the impact of polyploidy on the evolution, we first investigated
the regulation mechanism of replication of multiple genomes. Then, we revealed the associated
inheritance pattern of polyploid and constructed the mathematical model for evolution based on

observations. In this symposium, we also discuss our ongoing experiments on artificial evolution.
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2SFP-4 Analysis of evolutionary constraints and plasticity by microbial laboratory evolution
Chikara Furusawa'*? ('BDR, RIKEN, 2UBI, Univ. Tokyo)

To understand how the course of evolution is constrained in high-dimensional phenotype and genotype
spaces, we performed laboratory evolution under various (more than 100) stress environments, and changes
in phenotypes and genome sequence were analyzed. The results demonstrated that the expression changes
were restricted to low-dimensional dynamics, while diverse genomic changes can contribute to similar
phenotypic changes. Based on these results, we will discuss the nature of phenotypic plasticity and constraint

in bacterial evolution, and possible strategies to predict and control the evolutionary dynamics.
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